Recurrent acute pancreatitis (RAP) is defined based on the occurrence of two or more episodes of acute pancreatitis. The initial evaluation fails to detect the cause of RAP in 10%-30% of patients, whose condition is classified as idiopathic RAP (IRAP). Idiopathic acute pancreatitis (IAP) is a diagnostic challenge for gastroenterologists. In view of associated morbidity and mortality, it is important to determine the aetiology of pancreatitis to provide early treatment and prevent recurrence. Endoscopic ultrasound (EUS) is an investigation of choice for imaging of pancreas and biliary tract. In view of high diagnostic accuracy and safety of EUS, a EUS based management strategy appears to be a reasonable approach for evaluation of patients with a single/recurrent idiopathic pancreatitis. The most common diagnoses by EUS in IAP is biliary tract disease. The present review aims to discuss the role of EUS in the clinical management and diagnosis of patients with IAP. It elaborates the diagnostic approach to IAP in relation to EUS and other different modalities. Controversial issues in IAP like when to perform EUS, whether to perform after first episode or recurrent episodes, comparison among different investigations and the latest evidence significance are detailed. 
INTRODUCTION
Acute pancreatitis (AP) is an inflammatory process of the pancreas affecting peripancreatic tissues and distant sites. In most patients after an attack of AP, aetiology can be found with gallstones and alcohol use being most often implicated. Approximately 20% of patients will develop subsequent attacks, defined as recurrent acute pancreatitis (RAP). Most aetiologies of AP can lead to recurrent attacks, if the underlying etiology persists [1, 2, 3] . RAP is a challenging condition, because it leads to significant patient morbidity, can progress to chronic pancreatitis (CP), and has limited treatment options [3] . In up to 10% of patients with a single episode of AP and in up to 30% of patients with RAP, the aetiology is not identified after the initial evaluation. This condition is known as idiopathic pancreatitis [4] . Evaluation and treatment is important as 50% of untreated patients with IRAP experience current episodes that may lead to CP [2] . Endoscopic ultrasound (EUS) is minimally invasive, highly accurate imaging modality for studying the pancreas and the biliary tree [5] . The goal of this review is to discuss the role of EUS in idiopathic pancreatitis, focusing on the methodology, findings, and limitations of the available literature.
WHAT IS IDIOPATHIC PANCREATITIS?
RAP has various definitions. RAP is defined as the occurrence of two or more episodes of AP without concurrent clinical or imaging evidence suggestive of CP [3] . Another definition is two or more episodes of AP with or without complete or near complete resolution of symptoms between episodes [6] . AP or RAP can be from an identifiable etiology or idiopathic (unidentifiable etiology). Initial evaluation of a patient with AP/RAP can identify the aetiology in 70%-90% of cases. When the etiology could not be identified on initial evaluation as it happens in 10%-30% of the patients, AP/RAP can be defined as IAP (idiopathic acute pancreatitis)/IRAP [2, 3, 7] . The initial evaluation includes a thorough history (including medication review and family history of pancreatitis), physical examination, laboratory studies (serum liver tests, calcium and triglyceride levels), transabdominal right upper quadrant ultrasound, contrast-enhanced abdominal computerized tomography (CT), or magnetic resonance cholangiopancreatography (MRCP). Various explanations for non-detection of aetiology of AP includes microlithiasis as the cause being difficult to diagnose using standard imaging analysis; pancreatic inflammation/necrosis, preventing visualization of pancreatic solid or cystic tumours; and biological abnormalities occurring during the initial days of AP, making difficult to diagnose lipid-or calcium metabolism abnormalities [8] . There are limited studies regarding the natural history following a single attack of IAP. These studies suggest relapse rates varying from 14% to 24% [9] [10] [11] . According to the latest prospective study by Wilcox et al [12] , the relapse rate is 24. Various diagnostic studies to investigate the remaining 10%-30% cases includes microscopic bile examination (MBE), pancreatic function testing, genetic testing for mutations associated with pancreatitis, secretinenhanced MRCP (MRCP-S), EUS, EUS elastography, and endoscopic retrograde cholangiopancreatography (ERCP) with sphincter of oddi manometry (SOM). This additional workup usually leads to the diagnosis of microlithiasis or biliary sludge, sphincter of oddi dysfunction (SOD), pancreas divisum (PD), hereditary pancreatitis, cystic fibrosis, a choledochocele, annular pancreas, an anomalous pancreatobiliary junction, pancreatobiliary tumours, duodenal duplication cyst, periampullary diverticulum or pancreatic-biliary ascariasis (Figures 1 and 2) [2, 4, [13] [14] [15] [16] . After a complete additional advanced work-up, the aetiology remains unknown in no more than 10% of RAP, which can then be defined as true IRAP [2, 3] . However, which test(s) to perform is not standardized. EUS is emerging as a diagnostic tool of choice for the patients with idiopathic pancreatitis [12] .
Diagnostic yield of endoscopic ultrasound in idiopathic acute pancreatitis and its advantages
Since the early 1980s, EUS has been in use and is a safe, minimally invasive diagnostic procedure in patients with RAP. Various advantages includes close proximity of EUS probe to the pancreas and availability of high frequency EUS probes leading to high resolution images, and non-interference of the intestinal gases with image acquisition. EUS has few complications [17, 18] . The diagnostic yield of EUS in various studies varies from 29%-80%. In a recent systemic review of 13 studies evaluating the role of EUS in IAP, the most frequent aetiology was biliary tract disease (biliary stones, microlithiasis and sludge). In the above mentioned 13 studies, different diagnostic modalities (1 or combination of 2 or more) were mentioned for diagnostic accuracy. They were ultrasonography, CT, MRCP, ERCP, SOM. Reference standard varied depending on the study. EUS identified pancreatic disease like CP, PD, periampullary tumours or pancreatic parenchymal change and/or pancreatic ductal change in 22.1% ± 26.6% of patients with IAP. Overall, EUS identified additional diagnostic information in 61% of patients with IAP, with 41% having biliary tract disease [19] . Various studies on the sensitivity of EUS to detect biliary tract disease suggests that EUS has superior sensitivity to other commonly used tests like ultrasonography (USG), CT, MRCP or MBE [12, 17, [18] [19] [20] [21] [22] . EUS is a reliable diagnostic method to detect PD [23, 24] . EUS is quite useful to diagnose biliary and pancreatic tumours with a diagnostic accuracy higher than CT particularly in tumours smaller than 2.5 cm in diameter [25] . EUS is highly specific in the diagnosis of pancreatic cancer with a negative predictive value of 100% [26] . EUS can detect pancreatic solid tumours and cystic tumours at an early stage before they are identified by USG or CT. Detecting them earlier can lead to early operative management and better prognosis [27] . EUS is a useful diagnostic technique to detect the presence of CP in patients initially diagnosed with IRAP [28] . EUS is the least expensive initial investigation for the diagnostic evaluation of patients with IAP with gallbladder in situ [29] .
Endoscopic ultrasound vs endoscopic retrograde cholangiopancreatography in idiopathic pancreatitis
Before the advent of EUS, ERCP was a primary diagnostic and therapeutic tool with a diagnostic yield of about 80%; however the contribution of EUS and MRCP has changed the diagnostic algorithm of IAP [3] . Established (microlithiasis, neoplasms) and controversial (PD, SOD) aetiologies of IAP may now be identified with EUS, limiting the role of ERCP to its therapeutic arm [3] . EUS has a diagnostic yield of about 80% which is about the same as the diagnostic yield of ERCP but with much less complication rates compared to ERCP which is 10%-15% [4] . Along with the lesser complication rates compared to ERCP, the added advantage of EUS is, EUS can diagnose biliary and pancreatic tumors especially tumors communicating with the pancreatic duct which can cause IAP [4] . In the past, ERCP was advised only after the second episode of IAP or after the first in severe IAP [30, 31] . ERCP and EUS are considered the "gold standards" in clinical practice; however, MRCP has been proposed as a non-invasive alternative imaging technique to ERCP [32] .
Endoscopic ultrasound vs magnetic resonance cholangiopancreatography in idiopathic pancreatitis
MRCP is a non-invasive investigation revealing detailed images of the hepatobiliary and pancreatic systems [32] . MRCP is indicated to diagnose PD, choledochocele, anomalous pancreatobiliary junction, or annular pancreas in patients with IARP [2, 33] . Advantages includes no administration of intravenous contrast or ionizing radiation, can be used in all patients LUMEN CYST 92% to 96% [49] . However, when stones are less than 3 mm in diameter or are located in the GB infundibulum, the sensitivity is only 65% [50] . EUS is superior than USG for GB imaging due to its high-image resolution and close proximity to the biliary system. In a prospective study of 100 consecutive patients with AP, EUS was more sensitive than USG in detecting gallstones (100% vs 84%). The sensitivities of ERCP and EUS for choledocholithiasis were both 97%. It was concluded that EUS can be useful in selecting patients with AP who require therapeutic ERCP, thereby avoiding complications associated with diagnostic ERCP [49] . In a recent systemic review of 13 studies evaluating the role of EUS in IAP, the most frequent aetiology was biliary tract disease (41%) [19] . Various studies have found biliary microlithiasis/sludge ( Figures 3, 4 and 5) as a cause of IAP in up to 75% of these patients [7, 51, 52] . However, there are few studies where biliary aetiology is not the most common cause of IAP [27, 53] . In patients with intact GB, the most common cause of IAP is biliary microlithiasis/sludge which is detected in up to 80% of patients [7, 51] . In the past, MBE was considered the gold standard for microlithiasis [54] .
However, the disadvantages include high false negative rate, time consuming and high failure rate [4] . EUS has now replaced ERCP and bile sampling to diagnose microlithiasis in IRAP [8] . There are various reasons due to which EUS is highly accurate in detecting biliary microlithiasis. These includes GB being closely related to the stomach/duodenal wall; the median distance between the EUS transducer and the gallbladder is small (0.5 mm); the whole gallbladder is examined, even under acute pancreatitis; and use of high frequency probe [18] . The prevalence of the various aetiologies of RAP depends on whether the gallbladder is present or absent. If GB is present insitu, then the prevalence of microlithiasis would be about 50%, SOD-20%, CP-15%, PD-10% and choledocholithiasis 5% [29] .
In patients who underwent cholecystectomy the prevalence of microlithiasis falls to 10%-15% whereas the prevalence of SOD, PD and CP rises [45] .
Endoscopic ultrasound in chronic pancreatitis
RAP is a diagnostic and therapeutic challenge in clinical practice. It is sometimes impossible to differentiate clearly between recurrent attacks of AP and the early stages of CP [55] . Recurrent attacks of AP may complicate the course of chronic subclinical pancreatitis [13] ( Figure   6 ). Although one of the limitations of EUS is being operator dependent, EUS has high diagnostic accuracy for the pancreatic parenchyma. EUS can detect early signs of CP, although the diagnostic significance of some changes is still debated [43] . In a study by Yusoff et al [27] , EUS findings consistent with CP were reported including infants or those with allergies to iodinebased contrast materials [33, 34] . It is less operatordependent than USG or ERCP [35] . Disadvantages includes no therapeutic manoeuvres possible as it is primarily diagnostic investigation. MRCP is less sensitive than EUS for microlithiasis, small ampullary lesions, and ductal strictures [36] [37] [38] .There are various studies showing better diagnostic yield of MRCP after secretin stimulation(MRCP-S) in CP,PD, SOD and pancreaticobiliary malformation as compared to simple MRCP [32, [39] [40] [41] [42] [43] . In view of the available literature, MRCP-S may be more beneficial in IAP instead of MRCP if available.
There are three studies which has directly compared EUS and MRCP in IAP [18, 43, 44] . All have found higher diagnostic yield of EUS particularly to exclude biliary causes. In a prospective study of 49 patients with IAP, diagnoses were compared between EUS and MRCP. The diagnostic yield of EUS was more than that of MRCP (51% vs 20%, P = 0.001). It was concluded that EUS should be performed for establishing a possible biliary aetiology in patients with intact gall bladder (GB) [44] . In a study of 40 patients with MRCP negative IAP by Rana et al [18] , the diagnostic yield of EUS was 55%. The most common aetiology was occult biliary tract disease in 50 percent [18] .
Endoscopic ultrasound in pancreas divisum
PD is controversial aetiology of IAP [3] . Various studies have assessed the role of EUS as a reliable substitute for ERCP in patients of PD. Some believe that the sensitivity and specificity of EUS need further evaluation [5, 45] . However, various studies considers EUS as an accurate, minimally invasive diagnostic method for PD [23, 24, [46] [47] [48] . In a study by Rana et al [46] , the sensitivity, specificity, positive predictive value, negative predictive value of EUS for diagnosis of PD was 100%, 96%, 80%, 100% and 96%, respectively. In a recent retrospective cohort study of 45 consecutive patients diagnosed with PD on ERCP, diagnostic accuracy of EUS was compared to CT and MRCP. The sensitivity of EUS was 86.7%, significantly higher than CT (15.5%) or MRCP (60%).It was concluded that EUS is a sensitive test for diagnosing PD and is superior to MDCT and MRCP [48] . As per recent systemic review comparing diagnostic accuracy of MRCP with MRCP-S, MRCP-S has significant higher diagnostic accuracy and should be preferred for diagnosis of PD [42] . However, MRCP-S is not easily available. We believe that EUS is excellent diagnostic investigation for PD instead of MRCP [24] .
Endoscopic ultrasound in biliary tract disease (biliary stones, microlithiasis and sludge)
USG (abdomen) has high accuracy in detecting gallstones, with reported sensitivities ranging from as the most common finding in patients with IAP.
When to perform endoscopic ultrasound, after first episode or recurrent episodes of idiopathic acute pancreatitis?
There is controversy in the literature about the timing of EUS in IAP whether to perform after first episode or recurrent episodes [21, 27, 56] . In a study by Yusoff et al [27] , the diagnostic yield of EUS was not significantly different after a single attack or recurrent attacks of IAP. Therefore, the authors concluded that it is reasonable to perform EUS after the first episode, especially in older patients. Many authors have supported this opinion [12, 18, 21, 57] . On the other hand there are few studies where the diagnostic yield is more in recurrent episodes than a single episode [51, 58] . IAP is a common condition but the natural history is not well studied and the best diagnostic approach to both single and multiple attacks remains undefined. The suggested diagnostic approach in various studies and guidelines to IAP is highly variable [12] . As per the American Gastroenterological Association, EUS is not recommended after first episode of IAP in patients less than 40 years of age. It recommends EUS as investigation of choice in IRAP and after first episode in patients with more than 40 years of age [59] . As per American College of Gastroenterology, extensive evaluation using EUS or MRCP is recommended following recurrent attacks of IAP [60] . As per the International Association of pancreatology, patients with IAP should undergo EUS as the investigation of choice irrespective of first or recurrent episodes and, if negative, then, a MRCP-S as the next step [61] . In a recent landmark prospective study of patients with IAP over a 10-year period, 201 patients were enrolled. 80 were with single attack and 121 with multiple attacks of IAP. After EUS, 54% of patients with a single attack were categorized as idiopathic, while for multiple attacks 14 % were idiopathic. Longterm follow-up documented recurrence of pancreatitis in 24% of the patients with a single attack and in 49% of the patients with multiple attacks. On multivariate analysis, number of previous attacks was found to significant predictor of recurrence. It was concluded that following a single idiopathic attack of pancreatitis and a negative EUS examination, relapse was infr- equent. A negative EUS after a single attack had significant prognostic value as it identified low rate of recurrence. This study suggest that EUS may be an useful test following a single attack given its yield and potential prognostic value. This study had prospective EUS based approach to idiopathic pancreatitis [12] . In a recent systemic review of 13 studies by Smith et al [19] , the diagnostic yield of EUS was not influenced by recurrent disease. Considering the available literature, we recommend EUS after first episode of idiopathic pancreatitis.
Endoscopic ultrasound vs secretin enhanced endoscopic ultrasonography
Intravenous secretin when used with MRCP (MRCP-S) or EUS (EUS-S) may help the visualization of the pancreatic ductal system and can recognise some undetected ductal abnormalities that are of diagnostic importance in IRAP patients. In a study by Mariani et al [43] , the diagnostic yield of EUS-S in IRAP was 13.6% and 16.7% higher than MRCP-S and ERCP respectively. ERCP alone did not find a diagnosis in any case missed by the other two investigations. It was concluded that both MRCP-S and EUS-S should be used as complementary, first-line, imaging techniques, rather than ERCP in the diagnostic work-up of IAP [43] . However, there are limited studies on the EUS-S and further data are required regarding its efficacy in IAP as compared to EUS without IV secretin.
When to perform endoscopic ultrasound after idiopathic pancreatitis?
The timing of performing EUS examination after an episode of IAP remains controversial and unclear. Different studies have used different timings [4] . In a recent prospective study of patients with IAP, EUS was performed 1 mo or more after hospital discharge [12] . Rana et al [18] performed EUS at least 1 mo after the episode of AP when the patients were asymptomatic for abdominal pain. In a study by Norton et al [62] , EUS was performed when patients resume food intake while Liu et al [20] perform EUS after resolution of AP during admission. Yusoff et al [27] performed EUS atleast 4 wk after episode of AP to make sure that acute pancreatic parenchymal changes have resolved when EUS is performed. Thevenot et al [8] suggested to perform MRCP/EUS at a longer interval after the initial AP as inflammation and/or necrosis can prevent visualization of pancreatic lesions during the acute phase. In two recent studies investigating the role of EUS/MRCP in IAP, these examinations were performed1 mo after initial AP when patients were eating normally. The explanation for delayed examination is that fasting is usually advised as initial treatment of AP which can induce GB sludge and, consequently, can result in a false-positive diagnosis of biliary AP if the examination is made early although this is not proven by studies [43, 44] . Disadvantages of late EUS after 4 wk of AP includes papillary/ampullary stones ( Figure 7 ) not being diagnosed early with the risk of relapse of AP, early/small periampullary tumours (Figure 8 ) might be missed as patient may lost to follow up after hospital discharge [4] and possible low diagnostic accuracy as microlithiasis may be missed [21] . Further studies exploring the role of early EUS in IAP are required to come to final conclusion regarding the ideal timing.
Which should be the first investigation after idiopathic acute pancreatitis: Magnetic resonance cholangiopancreatography vs endoscopic ultrasound
There is slight controversy regarding the first investigation after an episode of IAP. Different studies/ authors/guidelines have variable opinions on this topic. Although MRCP is less invasive, cheaper and widely available than EUS, and has recently benefited using IV secretin, performance of EUS remains higher than that of MRCP [8] . However, few studies [43, 44] have demonstrated that MRCP can detect few aetiologies undiagnosed by EUS. Further prospective studies are required regarding the cost benefit analysis for EUS/MRCP but at present they should be considered complimentary rather than competitive.
After reviewing the extensive literature on IAP, our opinion which is shared by many authors/guidelines [12, 19, 21, 22, 52, 57, 59, 61] and not agreed by few authors/ guidelines [32, 59] , is performing EUS as the first investigation after IAP with intact GB. There is some debate regarding the choice of investigation in post cholecystectomy patients where CP, SOD and PD are the most common diagnoses in which MRCP has demonstrated good diagnostic accuracy [21, 52] . As per the latest systemic review in 2015 comparing the diagnostic accuracy of EUS and MRCP in diagnosis of choledocholithiasis, both tests were found to be similar and the choice of test will be decided by availability and contra-indications to each test [63] . However, EUS is superior to MRCP in detecting choledocholithiasis smaller than 5 mm [64] . Various authors and studies believe that the decision to perform EUS or MRCP as the first diagnostic investigation in post cholecystectomy patients must take into account various factors like local expertise, availability and patient details such as claustrophobia, gastric surgery etc. ERCP should always be considered a therapeutic intervention when required [61, [63] [64] [65] . The role of PD and SOD as causes of IAP remains highly controversial. In a study by Coté et al [66] and Wilcox et al [12] , inspite of endoscopic therapy, RAP occurred in almost 50% patients with SOD. In addition, despite repeat endoscopic interventions, further relapse was also very common. These studies questions the role of endoscopic therapy in PD and SOD. These studies shows that diagnosing SOD and PD may not alter the natural history/prognosis of these patients presenting with IAP. Hence, MRCP and ERCP with SOM may not be that useful in diagnostic workup of IRAP. This also supports EUS as first investigation of choice after IAP irrespective of gallbladder status and is agreed by many studies [12, 19, 21, 22, 54, 59] .
CONCLUSION
As per the recent prospective study done by Wilcox et al [12] on EUS based approach to the evaluation of Idiopathic Pancreatitis and after reviewing the literature, EUS as a first strategy towards the etiological evaluation of IAP appears to be useful not only as a diagnostic but as an important prognostic yield irrespective of gallbladder status. In view of high incidence of biliary tract disease as a cause of IAP in most of the studies and given the high diagnostic accuracy of EUS in identifying them, EUS should be considered as an initial diagnostic step for IAP after conventional radiography fails to identify the aetiology. Considering all the prior studies, the diagnostic yield of EUS is not influenced by whether the episode is first or recurrent. Hence, EUS should be performed after the first episode of IAP if possible. MRCP preferably MRCP-S can be performed if EUS expertise is not available. MRCP can be complimentary to EUS in identifying controversial aetiologies like PD and SOD. ERCP can be then be performed to treat biliary stones and PD. However, in view of high risk of post ERCP pancreatitis, ERCP with SOM should be reserved in those patients in whom MRCP and EUS has found to be negative for diagnostic and therapeutic evaluation especially with post cholecystectomy cases. We recommend an EUS as the first-line examination in the evaluation of patients with idiopathic pancreatitis, because it is minimally invasive, low risk and accurately identifies most occult causes of pancreatitis.
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